Effects of left ventricular volume overload on mitochondrial and death-receptor-mediated apoptotic pathways in the transition to heart failure.
Cardiomyocyte apoptosis has been implicated in the pathogenesis of heart failure (HF). This study was performed in patients with left ventricular (LV) volume overload at different stages in the development of HF to correlate apoptotic gene expression with LV echocardiographic phenotype. LV biopsies were procured from 24 cardiac surgical patients selected from 4 distinct clinical groups (n = 6) in the progression from preserved LV function to HF. Group I consisted of control patients with normal LV function (e.g., with atrial myxoma), group II had aortic regurgitation with LV hypertrophy and preserved systolic function (ejection fraction >50%), group III had aortic regurgitation with LV dysfunction (ejection fraction 30% to 40%), and group IV had end-stage HF (ejection fraction <20%). Biopsies were used to measure mRNA expression of the genetic regulators of mitochondrial (Bad, Bax, Bcl-2, Bcl-xL, and p53) and death-receptor- (Fas and tumor necrosis factor receptor 1 [TNFR1]) mediated apoptotic pathways by reverse transcription-polymerase chain reaction. Caspase activity was determined using specific fluorogenic peptide substrates and immunohistochemistry. Evidence for apoptosis was obtained using terminal deoxynucleotidyl transferase deoxyuridine triphosphate nick end labeling and in situ oligo ligation assays. Expression of proapoptotic factors (Bax, p53, TNFR1), antiapoptotic mitochondrial factor (Bcl-xL), and caspases 3, 8, and 9 increased progressively during the transition from preserved LV function to HF (p <0.05, analysis of variance). No significant difference was found for Bad, Bcl-2, or Fas. No evidence of DNA fragmentation was identified. In conclusion, activation of the cardiomyocyte apoptotic cascade occurs during the development of volume overload-induced HF. Mitochondrial (Bax, p53, caspase 9) and death-receptor mediated (TNFR1, caspase 8) pathways are upregulated but without completion of DNA fragmentation.